Since the exercising dependent leg displaces blood toward the heart, against a potential gradient, it must perform useful circulatory work. We studied the peripheral circulation in healthy, sedentary males by measuring calf circumference (using mercury-in-Silastic strain gages), muscle pump ejection velocity (using a transcutaneous Doppler flowmeter), intrathoracic and intra-abdominal pressures (through catheters in the esophagus and rectum) and power of the leg muscle pump (product of blood flow and the upstream-downstream venous pressure difference). Measurements of pressure, flow velocity, and volume changes in the dependent venous beds of healthy young men demonstrated that during running in place, (1) the abdominal contraction necessary to fix the pelvis raised inferior caval pressure and impeded venous outflow from the legs, but that, (2) the leg muscles themselves were capable of effectively pumping blood past this functional obstruction. By doing so, these peripheral pumps contributed more than 30$ of the energy required to circulate blood during running.
• In a thoroughly relaxed man, the work necessary to propel blood around the systemic vascular tree is supplied entirely by the contracting myocardium. Blood is propelled from peripheral to central veins by a small pressure gradient. On arising, blood pools in die leg veins, 1 reducing central blood volume 2 and stroke volume. 3 However, even mild muscular effort tends to reduce both the content 4 and pressure 5 of blood in these dependent beds, displacing it from the legs back toward the central depots. The displacement of blood against a potential gradient implies that the peripheral muscle pumps perform circulatory work during muscular exertion. The following studies were undertaken to assess the contribution of such pumps to the circulation of blood during vigorous exercise. Since a pump should be evaluated in terms of its ability Dr. Stegall's present address is School of Aerospace Medicine, Brooks AFB, Texas.
Accepted for publication February 4, 1966. to displace fluid against a pressure gradient, the velocity to which it accelerates the fluid and the work it does on it, these characteristics of muscle pumping in the dependent leg were considered in turn.
Blood Displacement
Changes in calf circumference were studied as a means of evaluating die quantity of blood displaced by contraction of the underlying muscles. The calf appears to be strategically arranged as one of the most effective sites of muscular pumping action.
METHODS
Healthy but sedentary male subjects, 20 to 32 years in age, relaxed supinely on a tilt table at angles of 0° (horizontal) or -15° (head down). Room temperature was a comfortable 25 to 27°C. Calf circumference measured in supine, relaxed, horizontal subjects was used as a reference, and alterations in calf segment volume were expressed as a percentage change from this value during the following maneuvers. a) Passive tilting head downward. b) Exercise while tilted head downward. c) Standing, supported and relaxed. d) Exercise while standing. The subject exercised during the head-down tilt by attempting a maximal plantarflexion of his foot and toes against the hand of an assistant.
While standing relaxed, the subject rested his weight almost entirely on the extended, locked left leg while the right (the leg chosen for study) was slightly flexed at the knee. In this stance, the right hip is elevated slightly and the right foot is placed somewhat ahead of the left. Balance can be maintained in this position with practically no muscular action below the hips, 7 while in the two-footed stance, the ankle flexors must contract continually in order to keep the subject from falling forward. 8 ' 9 The subject then exercised by shifting his weight entirely to the right leg and repeatedly raising his right heel a few cm from the floor by contracting his ankle flexors; balance was maintained by minimal support to his arms.
Calf circumference was measured by means of mercury-in-Silastic strain gages 10 encircling the proximal line of trisection on each subject's right calf ( fig. 1 ). The gage impedance was matched to a Sanborn 850 carrier system by the transformer coupling method described by Eisner et al. 11 At the end of each study the calf circumference was measured and the gage was calibrated with a micrometer; fractional change in the volume of the calf segment encircled by tlie gage was computed by doubling the fractional change in circumference, as suggested by Whitney. 10 Calf segment volume was measured immediately after the change in attitude or after exercise. Measurements could not be made reliably during exercise because displacement of muscle bellies led to larger circumference changes than those due to blood displacement. Little artifact from tissue sagging was apparent when the subjects Average alteration in upper calf volume for eight subjects during posture change and as a result of ankle flexion. Individual measurements are shown in table 1. were down tilted or stood; records obtained during vascular occlusion by a 250 mm Hg thigh cuff confirmed this impression.
RESULTS
The bar graph of figure 1 summarizes the average change in upper calf segmental volume produced by head-down and head-up movement, with and without calf contraction. The increase in volume induced by standing was estimated after one minute, when calf circumference was increasing slowly in comparison to the rapid increase seen during the first few seconds.
The size of the calf segment after muscular contraction was essentially the same whether exercise was performed in the head-down or head-up position, despite the differences in hydrostatic pressure head into which the muscle pump was working. Individual reductions in calf volume achieved by muscular exercise in both attitudes are listed in table 1; computed means and standard deviations are also shown. Within the accuracy of the measurement and reproducibility of experimental conditions, the two reductions appear essentially the same and apparently represent the volume of the calf after maximal expulsion of blood at the level of the gage.
Muscle Pump Ejection Velocity
Ejection of blood from the contracting calf appeared to be very brisk, but because of distortion of the gage during contraction the rate of blood displacement could not be measured accurately by the technique described above. Therefore an ultrasonic meter capable of estimating subcutaneous venous blood velocity was used.
METHODS
While each subject stood relaxed, with the gage in place, the transducer for a transcutaneous Doppler flowmeter 12 was placed sequentially over the femoral vein in the femoral triangle, the greater saphenous vein in mid-thigh, and the greater saphenous vein at the level of the ankle. The subject was then instructed to plantarflex the foot and toes briefly, relaxing within a second or so. Successive recordings at 25 mm/sec were taken from the three venous sites. Veins were presumed parallel to the skin surface in order to calibrate the flowmeter output.
The transcutaneous Doppler flowmeter continuously monitors blood flow velocity in deep and superficial vessels without pain or mechanical penetration of the skin. However, the transducer position must be carefully selected and maintained in relation to the vessel to provide reliable comparative information, and the flowmeter does not distinguish forward from backward flow. The advantages and limitations of this technique are presented in much greater detail elsewhere. 12
RESULTS
For a typical subject ( fig. 2 ), the measured reduction in calf circumference during ankle flexion was about 135, and the decrease in segment volume was estimated at 2%. A small artifact from muscle displacement is visible on the record at the beginning and end of contraction.
In all records blood was accelerated centrally in the accessible veins of the leg and foot at the onset of calf muscle contraction. Rapid displacement of blood could be demonstrated at several sites along the course of the greater and lesser saphenous veins, the popliteal vein, the femoral vein, and the dorsal venous arcade in the foot. Usually venous flow was not restored until some seconds after relaxation.
The peak blood velocity produced in the veins of the lower extremity during muscular contraction was widely variable, although values of 20 to 30 cm/sec were not unusual and enthusiastic subjects could often eject blood more rapidly. Expelled blood was typically accelerated at 100 to 200 cm/sec. 2
Abdominothoracic Pumping
Most investigators have felt that the rhythmic alterations in intrathoracic and intra-abdominal pressures which accompany breathing can contribute some of the power required to pump venous blood centrally during strenuous exercise. Though Holmgren 18 has reported that strenuous leg exercise does not appreciably affect mean esophageal or right atrial pressure, no measurements of abdominal or inferior caval pressure during such exercise could be found.
METHODS
To register changes in pressure within the thorax and abdomen, first a polyethylene catheter with 8 to 10 lateral holes near its tip was swallowed by the subject until the catheter tip was positioned near heart level and cardiac pulsations could be detected on the pressure records. Then a second catheter was introduced into the rectum and its tip advanced about 5 cm past the external sphincter. Statham P23Db strain gage manometers were connected to the catheters, the systems filled with saline, and each damped to a frequency response of less than 5 cycles/sec to reduce acceleration artifacts. Mean pressures were registered for each system by means of 2-second integrators utilizing operational amplifiers.
The subject exercised by running in place for 15 to 60 seconds at a metronome-paced rate of 4 steps/sec. A half minute after the exercise, he performed a vigorous Valsalva maneuver for 5 to 7 seconds.
Esophageal and rectal (or gastric or duodenal) pressures have often been used to estimate pressure in the body cavities without penetrating them. 13 ' 14 The relatively compliant visceral wall transmits cavity pressure easily to the fluid within the viscus, particularly when cavity pressure rises. Rectal pressure, for example, varies with attitude just as intraperitoneal pressure does. 15 In several instances slow pressure waves from esophageal or rectal smooth muscle contraction 18 could be observed, rising and falling over a period of Grcuhtion Research, Vol. XIX, July 1966 several seconds, particularly just after catheters were flushed; however, sufficient time remained between contractions to allow estimates of changes in cavity pressure during a run.
RESULTS
With the subject standing at rest, esophageal pressures fluctuated around a slightly subatmospheric mean, dropping with inspiration and rising again during expiration ( fig.  3 ). Rectal pressures were 20 to 30 mm Hg above atmospheric, and the phasic changes with respiration were generally opposite in sign to those in the esophagus. During running in place the mean esophageal pressure remained near atmospheric, just as Holmgren 13 reported; however, mean rectal pressure in this subject rose by about 25 mm Hg, a finding confirmed in five additional volunteers, in whom the average rise in rectal pressure during running was 22 mm Hg. As described below, the venous pressure in the intra-abdominal veins rose by a like amount, and thus it would appear that during strenuous leg exercise elevated abdominal pressure impeded the return of blood from the dependent extremities. In contrast to running, a Valsalva maneuver elevated both cavity pressures by 50 mm Hg or more.
Power of Leg Muscle Pump
The functional significance of contracting leg muscles for pumping blood must be evaluated in comparison with the energy release of the heart in circulatory dynamics. For this purpose, pumping power of the leg muscle was estimated in terms of the product of the blood flow times the pressure difference, upstream and downstream for the active muscle mass for both the calf and thigh. Estimates of the blood flow through the leg were found in the literature but it was deemed necessary to directly measure the pressure gradients at various vertical levels in the dependent legs during vigorous exertion.
METHODS
A preliminary experiment was performed on one subject to determine venous pressures at various levels below the heart at rest and during exertion. Simultaneously recorded esophageal and rectal pressures during running in place and during a Valsalva maneuver (V). Catheter-manometer systems were damped to about 2 cycles/sec and pressure signals averaged via 2-second integrators. During the run, only rectal pressure was appreciably altered; during the Valsalva, both rose. Paper speed 1 mm/sec.
A polyethylene catheter (PE50) 100 cm long was first introduced into the greater saphenous vein in mid-thigh and threaded upward until the characteristic (2/cycle) right atrial pulsations appeared on the pressure records. The length of catheter inserted corresponded well to the measured distance to the fourth intercostal space. Intrathoracic position of the catheter tip was also confirmed by noting a fall in pressure during inspiration. The catheter was attached to a Statham P23Db strain gage manometer as before, filled with heparinized saline, and the catheter-manometer system damped until frequency response was less than 1 cycle/sec in order to estimate mean pressure change during running.
Once the effects of running in place and the Valsalva maneuver on right atrial pressure had been determined, the catheter was withdrawn until the right atrial pulsations disappeared and pressure rose, rather than fell, during inspiration. This identified the passage of the tip through the diaphragmatic outlet and into the upper abdominal cava. The effects of exercise and Valsalva on upper caval pressure were then determined. This was repeated as the catheter was withdrawn in increments estimated to leave its tip successively in the lower cava, femoral vein, and finally the greater saphenous vein.
The popliteal vein was catheterized via the lesser saphenous route described by Hogensgard and Stump, 10 a length of tubing (100 cm) being threaded upward until its tip could be felt passing through the popliteal space and disappearing beneath the hamstring muscles. Superficial veins near the ankle were catheterized with short polyethylene tubes. All catheters were inserted percutaneously under local anesthesia. Confirmation of tip position was particularly important in passing a catheter into the popliteal vein, for HdgensgSrd and Stirrup 10 reported that in one of their five cases the tip entered the superficial femoropopliteal vein rather than the deep system. In the three estimates described below, the tip could always be felt as it passed behind the knee, and moreover the rapid pressure rise seen during a Valsalva maneuver helped confirm that the tip lay in the deep system.
The critical variables selected from the preliminary experiment for verification were popliteal and femoral venous pressure, and these were measured in two additional subjects by the techniques described above.
Mean pressures during running, obtained by overdamping or integration, can be appreciably in error when the catheter tip moves up and Grcnhrioo Re«»rdi. VoL XDC, July 1966 down with respect to a fixed reference. Elevation of a catheter tip at the knee, for example, could develop as much as 25 mm Hg head as the hip is flexed. Because the knee is elevated for only part of the running cycle, however, mean pressure elevations should be much less than this value. When a saline-filled catheter was taped to the leg surface with the tip at knee level, running altered the mean pressure by only 3 to 4 mm Hg, suggesting that errors from this source were relatively small. Vertical movement of the trunk 
Pressure records, not simultaneous, from right atrium and infracardiac veins in an erect subject during running and Valsalva efforts. Catheter-manometer systems damped to less than 1 cycle/sec. During Valsalva, pressures above popliteal rose almost immediately; popliteal rose somewhat more slowly, and saphenous too slowly to see here. While running in place, right atrial pressure dropped slightly; pressure between femoral vein and upper cava rose; popliteal vein pressure fell slightly and saphenous markedly. Right atrial and femoral tracings show effects of simultaneous running and Valsalva as well as each separately.
Paper speed 1 mm/sec.
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STANDING 1 RUNNING
FIGURE 4B
Mean venous pressures at rest and during running in one subject. Figure is scaled as shown. Bottom of each bar represents atmospheric pressure at the level shown; bar height is proportional to the mean pressure obtained during running.
during running was limited to a few cm, and did not appreciably affect the measurements from veins above the femoral.
RESULTS
The effect of Valsalva maneuvers and running in place (or both) simultaneously on infracardiac venous pressures are illustrated in figure 4A .
When the subject stood quietly, venous pressure anywhere below the heart was roughly equal to that of a column of blood extending upward to the right atrium. Elevated intra-abdominal pressures during Valsalva maneuvers were transmitted immediately to abdominal and femoral veins, somewhat more slowly to the popliteal, and not at all to the dependent superficial veins. When the subject ran in place, right atrial pressure remained near atmospheric but venous pressure in the abdominal and femoral veins rose by about the same degree as rectal pressure, i.e., about 25 mm Hg. Superficial and deep venous pressure at the ankle dropped from over 90 to less than 10 mm Hg. Running-induced changes in the mean venous pressures observed in the preliminary study are summarized in figure 4B . Comparable changes in femoral and popliteal pressures during running were obtained in the two additional subjects.
Calculation of Pump Power
The effective power obtained from the leg muscle pumps was estimated by multiplying the flow through them (F) by the pressure change (AP) generated across them, converting the product to ergs/min.
The assumptions used to calculate power output from the thigh and calf muscle pumps are shown in figure 5 . Each limb segment is treated as if all flow through it were directed through its center of gravity (C.G.), some 4/9 of the segment's length from proximal to distal ends. 17 The inlet pressure for each pump is equivalent to the venous pressure to be found at the C.G.; the outlet pressure is the venous pressure proximal to the pump (femoral for the thigh, thigh C.G. for the calf) corrected for the work done in pumping blood from the segment's C.G. to the next level. Conservative values for venous pressures during running in the two limb segments of the three subjects were:
(a) P vc , venous pressure at the calf C.G., 20 mm Hg (86 at rest) (b) P v t, venous pressure at the thigh C.G., 40 mm Hg (52 at rest) (c) P vf , venous pressure at the femoral vein. 56 mm Hg (36 at rest) (d) P.E.c, phlebostatic equivalent C.G. calf to C.G. thigh, 34 mm Hg (e) P.E.t, phlebostatic equivalent C.G. thigh to femoral vein, 16 mm Hg and from these AP across each pump may be estimated as: AP thlgh =(P Tf + P.E.t)-Pvt = 32 mm Hg (0 at rest) AP»if = ( P v t + P . E . c ) -P v c = 54 mm Hg (0 at rest) The total leg blood flow, estimated as 80$ of the cardiac output during maximal leg exercise, 18 must be partitioned into thigh and calf flow; if this is done on the basis of their relative masses, 20 the thigh would receive about two and one-half times as much arterial inflow as the calf. Calf flow, F c , would be estimated at about 8 liters/min during hard running; thigh venous outflow must include venous outflow from the calf, and is equivalent to F t + F c , the entire leg blood flow of 20 liters/min. The foot may be neglected because of its relatively small muscle mass.
Using these estimates for flow and pressure rise across the thigh and calf pumps, the useful power output from each was calculated. Cardiac power under the same conditionsrelaxed standing and strenuous running in place-was included in table 2. Estimates used for cardiac output and leg blood flow are those of Wade and Bishop, 19 and Holmgren's values 13 were used for aortic pressure. As table 2 illustrates, at least 30% of the total sys-Grcuhtion Reaarch, Vol. XIX, Jnly 1966 •Power erWnlln = AP mm H g x flow ml/m)n X 1.33 X 10 temic circulatory work during running must be done by peripheral pumping. Burton 21 has emphasized that the practice of estimating pump power from mean pressures and flow can be very inaccurate and that one should integrate the instantaneous product of differential pressure and output. However, this information could not be obtained from human subjects with present techniques, and power estimates were made from the less meaningful mean values.
Intravascular Transmission of Intra-abdominal Pressure
One important contribution to the increased pumping work of contracting leg muscles stemmed from the impediment to venous outflow imposed by the increased intra-abdominal pressure during exertion. This phenomenon is not commonly included in the description of exercise but should have been anticipated, for if the pelvis were not splinted by strong contraction of the abdominal muscles it would be tipped forward during thigh flexion induced by the iliopsoas group. 22 ' 23 Holmgren 111 notes that a cyclist starring leg exercise often contracts his abdominal muscles and "performs a Valsalva maneuver." Rasch and Burke 24 point out that during some gymnastic exercises breath-holding can be avoided only by a conscious effort. However, the rise in intra-abdominal pressure observed during running cannot clearly be the result of an involuntary Valsalva effort, for during straining intrathoracic and intra-abdominal pressures rise by about the same amount; 14 apparently the diaphragm protects the thoracic cavity from the elevated intra-abdominal pressure developed during running ( fig. 1 ).
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Others 18 have reported that intrathoracic and right atrial pressure are little altered by vigorous exercise, but no measurements of inferior caval or intra-abdominal pressure during running could be found in the literature. Walker and Pickard 25 reported that the inferior caval outlet from the abdomen narrowed by 80% during a deep inspiration, and a pressure gradient of 20 mm Hg appeared across the orifice. Though they attributed the closure to contraction of slips of diaphragmatic muscle surrounding the orifice, the cava itself could be compressed by alterations in intra-abdominal pressure during breathing or running, as illustrated by a simple hydraulic model.
The effect of external pressure on a collapsible tube containing flowing liquid was examined using a type of Starling resistance constructed of one-fourth inch Penrose tubing traversing a water-filled rigid chamber. Supplied with a steady flow of water from a constant pressure head, the pressures inside the Penrose tubing were measured by passing a catheter down the tube. A constricting clamp lowered inlet pressure to about 10 mm Hg, and the outlet was vented to the atmosphere ( fig. 6 ).
When external (chamber) pressure was zero, pressure in the section fell almost linearly with distance from the inlet port; a slightly increased hydraulic resistance was evident at the outlet port. If the external pressure was raised above atmospheric with a bulb, the Penrose tubing was compressed visibly, and pressure in most of the tubing rose to about equal the external pressure. A steep pressure gradient was developed at the outlet port, but the resistance of the tubing Model to illustrate canal compression by rising intraabdominal pressure. Lateral pressure in the collapsible tube is shown as a function of distance from the inlet port at external pressures of 0 and 120 mm Hg.
above the outlet was altered little. In order to exclude the possibility that a local weakness in the tubing wall might be responsible for the outlet compression observed, the section was reversed end for end; again, when external pressure was raised the steep pressure gradient was seen at the outlet. Similar results were obtained when the section was mounted vertically, with the outlet either above or below the inlet.* Obviously the collapse of this elastic tube was not uniform. As long as fluid flows through the tube, lateral pressure at the outlet must always be less than the pressure at any point upstream of it, and thus the tube begins to collapse at that point; as hydraulic resistance at the outlet rises, upstream pressure rises as well and partially protects the upstream tubing from compression by reducing the transmural pressure developed across it.
The model illustrates one important characteristic about the transmission of elevated intra-abdominal pressures to the cava: though the entire length of the intra-abdominal veins should be compressed, the major increase in hydraulic resistance would be found at the •A detailed description of the other properties of such a system was presented by Permutt and Rlley. 82 caval outlet. Others 13 ' 14 have shown that alterations in intrathoracic or intra-abdominal pressure are well transmitted to the veins within these cavities, just as elevations in the pressure around an extremity raise its venous pressure, 20 but little emphasis has been placed on the fact that the venous obstruction associated with a rising pressure should be found at the outlet from the pressure chamber. Caval compression during running is thus most pronounced near the diaphragm, as shown by the mean pressure gradient found between right atrium and upper cava, more than 20 mm Hg.
Discussion
This experimental survey has brought forth evidence that, during exertion, intra-abdominal pressure rises by a substantial amount, serving as an impediment to outflow of venous blood from the exercising legs. A steep pressure gradient was demonstrated within the inferior vena cava at about the level of the diaphragm. Below this level, the caval pressure was elevated to about the same degree as the intra-abdominal pressure. To overcome this increased outflow pressure, the venous pumping action of the contracting leg muscle must perform a surprisingly large amount of work propelling blood, judging from rough estimates and available data. Little attention has been paid in the past to the circulatory contribution of muscular pumping of venous blood in the legs, although considerable indirect evidence for it can be deduced from the work of other investigators.
Hogensgard and Stiirup 16 found no reduction in popliteal pressure during running in place in three of four subjects, but reported a reduction of 18 mm Hg in the other; this was comparable to the 10 to 20 mm Hg reduction seen in the three subjects of this series. In neither group did popliteal pressure ever rise during running. Venous pressures in superficial calf veins were reduced from 90 to less than 20 mm Hg, which agrees well with values generally reported; 5 ' 27 deep venous pressure in the calf usually parallels superficial during exercise. 10 ' 28
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The effectiveness of calf contraction in displacing blood was well illustrated by Barcroft and Dornhurst, 4 whose demonstration that repeated contractions by a supine subject reduced the calf volume by almost 30 ml (in an average young man, about 1% of the calf volume), has been widely reproduced. Their records also show that the calf emptied to about the same level whether or not a thigh cuff was inflated to 90 mm Hg. Similarly, the calf appeared to empty itself in these studies equally well whether the subject was head down or head up, despite the differences in phlebostatic head into which the pump was working.
The estimate for muscle pump power during strenuous leg exercise seems exorbitant at first sight but actually may be somewhat conservative. Femoral venous pressure usually rose by more than 20 mm Hg, and calf venous pressure usually fell to less than 20 mm Hg. Wade and Bishop's estimate of the fraction of cardiac output directed through the legs is actually 80 to 90V 8 rather than the 80$ used. Moreover, one may well postulate that more than two-fifths of the total leg flow passes through the calf, for the calculated perfusion pressure in the running calf is about twice that for the thigh. All of these would raise the fraction of circulatory power developed peripherally, and thus the figure of 30% can be viewed as a reasonable lower limit.
The conventional view of muscular pumping 28 -20 is based on the concept that the deep veins are compressed by contracting muscles and the superficial veins drain into the deep veins ( fig. 7) . The anatomic relation of the two systems suggests that they empty reciprocally. During contraction, deep veins would be compressed, refilling in part from superficial beds via "perforators" during relaxation. However, when flow was directly monitored by the transcutaneous Doppler flowmeter, blood appeared to be displaced simultaneously in both deep and superficial veins ( fig.  2) . In other words, venous blood in the superficial system was accelerated, not decelerated, during contraction. This observation agrees with the often reported abrupt rise in Conventional diagram of reciprocal muscle pumping in the deep and superficial venous systems of the dependent leg. Measured flow velocities and pressure in the superficial system during contraction were not compatible with this model.
superficial venous pressure which accompanies the beginning of muscular contraction. 10 ' 27 ' 28 Presuming that valves of the perforating veins in these healthy young men were competent, it seems more likely that muscular activity actually compresses the superficial venous bed by forces which are transmitted to subcutaneous veins (perhaps via the connective tissue architecture), and the conventional view of muscle pumping should be so modified. The calf may be a particularly effective pump: (1) a series of measurements in this laboratory of the degree of pooling at various leg levels in erect man disclosed that the upper calf veins were the most prominently distended; 30 (2) the veins draining the soleus muscle consist of an anastomosing series of thin-walled sinusoidal vessels without valves; 20 and (3) the highest pressures that have been recorded from a needle inserted into contracting muscle were obtained from the soleus, 81 perhaps because of its tight fascial investment. For these reasons it would appear that the calf could be a better venous pump than the thigh, and experimentally the calf did produce the greater pressure difference. In any case, much of the work required to circulate blood during running was supplied by the legs themselves.
